Background: Pain catastrophizing has been found to be an important predictor of disability and days lost from work in patients with low back pain. The most commonly used outcome measure to identify pain catastrophizing is the Pain Catastrophizing Scale (PCS). To enable the use of the PCS in clinical settings and research in Norwegian speaking patients, the PCS had to be translated. The purpose of this study was therefore to translate and cross-culturally adapt the PCS into Norwegian and to test internal consistency, construct validity and reproducibility of the PCS. Methods: The PCS was translated before it was tested for psychometric properties. Patients with subacute or chronic non-specific low back pain aged 18 years or more were recruited from primary and secondary care. Validity of the PCS was assessed by evaluating data quality (missing, floor and ceiling effects), principal components analysis, internal consistency (Cronbach's alpha), and construct validity (Spearman's rho). Reproducibility analyses included standard error of measurement, minimum detectable change, limits of agreement, and intraclass correlation coefficients.
Background
The Pain Catastrophizing Scale (PCS) was developed by Sullivan et al. [1] , and has been widely used in the research of chronic pain and pain behavior in patients with low back pain (LBP). Pain catastrophizing, explained as an exaggerated negative orientation towards noxious stimuli [1] , has been found to correlate significantly to pain severity, self-reported disability, pain behavior, fear of movement and depression in patients with low back pain (LBP) [1] [2] [3] [4] [5] . Furthermore, in chronic pain patients, pain catastrophizing has been identified as an important mediator to pain behavior and pain-related fear [6] [7] [8] . In the cognitive-behavioral fear-avoidance model, presented by Vlaeyen et al. [2] , pain catastrophizing was found to be the strongest predictor of fear of movement. Patients who were fearful of movement performed worse in physical performance tests and were also more anxious after the test was completed [2] . Moreover, pain catastrophizing and pain behavior have been found to predict days lost from work and failure to return to work in subacute and chronic LBP patients [9] [10] [11] [12] . It has been recommended that risk factors such as pain catastrophizing, fear of movement, and distress should be identified early and targeted in interventions specifically designed to reduce pain catastrophizing and fear [8, 12, 13] . A recent cohort study in patients with work-related injuries found that a reduction in catastrophic thinking and fear of movement, over a 10-week intervention period, predicted return to work [3] . Thus, pain catastrophizing can be reduced by targeted interventions and, importantly, influence return to work.
To be able to evaluate interventions targeting pain catastrophizing and investigate its significance in Norwegian LBP populations, we translated and cross-culturally adapted the English PCS [1] into Norwegian and tested the Norwegian PCS for psychometric properties in terms of validity and reproducibility in patients with LBP.
Methods

Study design
The study was carried out in a two-step procedure; firstly, the PCS was translated and cross-culturally adapted; and secondly, the Norwegian PCS was tested for psychometric properties in a cross-sectional design with a 1-week follow-up for test-retest.
Translation and cross-cultural adaptation
Translation and cross-cultural adaptation of the PCS was performed according to international guidelines [14, 15] . Two persons (one clinician and one philologist), whose mother tongue is Norwegian, independently translated the original PCS into Norwegian. The two Norwegian versions were synthesized into one Norwegian version before it was translated back to English.
Two translators and native speaker of English, who were blinded to the original PCS, performed the backtranslation. One expert committee consisting of the translators, one health professional and the researchers in our research group reviewed all translations. In a formal meeting, the committee discussed discrepancies until consensus on a prefinal version was achieved. The goal of the prefinal Norwegian PCS was that it should be as concise and easy to understand as possible. The first 4-5 patients with low back pain at each participating clinic reviewed the prefinal Norwegian PCS. None of the patients had difficulties in understanding the meaning of items or responses. Since the prefinal version was highly acceptable and easy-to-comprehend, no changes were made and the final version of the Norwegian PCS was equal to the prefinal. The English and Norwegian versions are presented in Additional file 1: Appendix.
Participants
A total of 103 participants were recruited from different clinical settings in Oslo, Norway, between September 2008 and November 2009. Eligible participants were patients with non-specific LBP for six weeks or more prior to inclusion, aged 18 and over, and were able to speak, read and write in Norwegian. Exclusion criteria were sciatica or signs of 'red flags' (tumor, infection, spinal fracture, or major neurologic compromise such as cauda equina syndrome) [16] . The inclusion was performed by a clinician, mostly a physical therapists, seeing the patients at their clinic. Four patients were excluded because of signs of sciatica and nine patients did not return the baseline questionnaires without giving any reason for not participating. A total of 90 patients, 52 women and 38 men, were included; 30 patients from three physical therapy clinics (primary care), 24 patients from an outpatient rehabilitation clinic, six patients from a pain unit (university hospital), and 30 patients from an orthopaedic department (university hospital). Sixty-one patients participated in the test-retest design, of whom 60 filled in the PCS at retest. Baseline characteristics of the whole sample and the test-retest subgroup are presented in Table 1 . All patients received written and oral information about the study. Signed informed consent was obtained from all patients. The study was approved by the Norwegian Regional Committee for Medical Research Ethics and the Data Inspectorate in 2008.
Procedures and measures
The included patients filled in the PCS, sociodemographic information, and concurrent measures at the first attendance for assessment. Patients consenting to participate at the retest filled in the PCS and a global score (6-pointLikert scale) of change in LBP status between test and retest at the second attendance, preferably with a one-week interval.
The PCS
The PCS comprises 13 items focusing on thoughts and feelings. The original PCS was evaluated in undergraduate students and was found to be a reliable and valid measure of catastrophizing with a three factor solution; rumination (4 items), ruminative thoughts, worry, and inability to inhibit pain-related thoughts; magnification (3 items), magnification of the unpleasantness of pain and expectancies for negative outcomes; and, helplessness (6 items), inability to deal with painful situations [1] . Patients score the 13 items on a 5-point Likert scale, ranging from 0 (not at all) and 4 (all the time), relating the items to the past painful experience. Separate subscores for the dimensions (range, rumination 0-16; magnification 0-12; and helplessness 0-24 points) or a total score (range, 0-52 points) can be calculated for the PCS. A higher score indicates higher pain catastrophizing. Internal missing values were replaced with mean values if the number of missing items did not exceed two items, except for analysis of data quality.
Concurrent measures
To assess construct validity, the PCS was compared with outcome measures widely used and evaluated, which assess physical functioning, fear avoidance, psychological well-being and distress, quality of life, and pain. The Roland Morris Disability Questionnaire (RMDQ) measures pain related physical functioning [17] , Core Outcome Measures Index (COMI) is a short multi-dimensional scale measuring the five most important domains relating to low back pain [18, 19] , Fear Avoidance Believes Questionnaire Physical Activity subscale (FABQ-PA) and Work subscale (FABQ-W) measure fear avoidance [20] , Hopkins Symptom Check List-25 (HSCL-25) measures anxiety, depression and somatization [21, 22] , EuroQol-5 Dimensions Index (EQ-5D) measures quality of life [23] , and the Numeric Rating Scale (NRS) measures back pain [24] .
Statistical analysis
Sample size was based on the quality criteria recommended by Terwee et al. [25] , who suggest a minimum of 50 patients for assessing construct validity, reproducibility, and floor or ceiling effects, and a minimum of 100 patients for assessing factor analysis and internal consistency. Descriptive analysis included mean (SD) and number (%). Missing data and end effects were described. Floor or ceiling effects were considered to be present if more than 15% of the included sample scored the lowest or the highest score, respectively [25] .
Principal components analysis [26] was used to assess the underlying structure of the PCS items. Components were extracted with an eigenvalue greater than one. Internal consistency was assessed by calculating the Cronbach's alpha coefficient (α). A Cronbach's alpha coefficient between 0.70 and 0.95 has been considered acceptable homogeneity [25] .
The construct validation of the PCS total score was assessed by comparing the PCS for association to concurrent measures. Predefined hypotheses of association were established based on the construct of the measures. Hence, we expected measures of psychological constructs, i.e. the FABQ and the HCSL-25, to have moderate to high correlation to the PCS. Whereas measures of other constructs, i.e. the RMQD, COMI, EQ-5D, and NRS back pain, were expected to have low to moderate correlation to the PCS. All correlation coefficients, except for the EQ-5D, were expected to correlate positively to the PCS. The EQ-5D was expected to correlate negatively to the PCS, as scaling has an inverse relationship. Normality and linearity assessments were performed for the included variables. Assumption of linear relationship could not be confirmed. Hence, construct validity was assessed by the Spearman's rank order correlation coefficients (rho). High correlations were equivalent to correlation coefficients of rho ≥ 0.60, moderate to rho <0.60 -≥0. 30 , and low to rho < 0.30 [27] . An adequate construct validity of the PCS was achieved if 75% or more of the results were in correspondence with the predefined hypothesis [25] .
Reproducibility was analyzed by reliability and agreement parameters and applied to the total score and subscales of the PCS. Main The MDC 95 has been described as a "real" change, if above measurement error and p < 0.05, in one individual [25] . In addition, the percentage of the MDC in relation to the maximum score was calculated. 
Results
Data quality
Overall, patients were able to complete the PCS without assistance. Nine patients had a total of 21 internal missing values. Missing values were spread over 12 out of 13 items. Item 1 'I worry all the time whether the pain will end' had no missing value. The median PCS total score was 12 points (range, 0 to 37 points). Floor effects were seen in 12 out of 13 items, but not for PCS total score or subscales. No ceiling effects were found. Data quality is presented in Table 2 .
Factor analysis and internal consistency
The principal components analysis revealed a threefactor structure, which accounted for 64.5% of the total variance ( Table 3 ). The items loading on the first component (item 11, 10, 8, 9, 6) had loadings ranging from 0.57 to 0.79, the second component (item 13, 1, 7) from 0.52 to 0.89, and the third component (item 12, 4, 2, 5, 3) from 0.54 to 0.87, respectively. The first component accounted for 47.9% of the total variance, whereas component two and three accounted for 8.1% and 8.8%, respectively. The internal consistency, assessed by Cronbach's alpha, was 0.90 for the total score and 0.86, 0.63, and 0.83 for the three subscales according to current factor structure revealed in this material. When using the same three-factor structure as in the original study, the Cronbach's alpha for the first and third components were highest with values of 0.86 for the helplessness subscale and 0.83 for the rumination subscale. The magnification subscale had a Cronbach's alpha of only 0.53.
Construct validity
The PCS total score showed moderate correlation coefficients to the FABQ-PA (rho = 0.34) and HSCL-25 (rho = 0.56), as well as to the COMI (rho = 0.43), EQ-5D (rho = −0.36), and NRS back pain (rho = 0.31). Moreover, the PCS total score correlated low to the RMDQ (rho = 0.27) and FABQ-W (rho = 0.25) ( Table 4 ). In total, 86% of the a priori hypotheses were confirmed.
Reproducibility
The median time between test and retest was 7 days (range, 1-30 days). The PCS total score showed a mean (SD) of 13.6 (8.9) and 14.1 (9.5) points at test and retest, respectively, and an ICC (95% CI) between tests of 0.85 (0.76, 0.91). The SEM of the PCS total score was 4.6 points and the MDC 95 12.8 points. Reproducibility data of the PCS total score and subscales are presented in Table 5 . The mean difference between test and retest was 0.7 points, on the PCS total score, with limits of agreement of 13.5 and −12.1 points (Figure 1 ). Thirtyfive patients scored "no change" in LBP status between test and retest, of whom 34 had filled in the PCS twice. Supplementary analyses of stable patients (n = 34) showed slightly higher ICCs and somewhat lower SEMs and MDCs (Table 6) .
Discussion
This study demonstrated that the Norwegian PCS was comprehendible, easily administered and, overall, held acceptable psychometric standards when assessed in patients with non-specific LBP recruited from different clinical settings. The PCS total score appeared to be more robust than the subscales alone. We suggest that the Norwegian PCS total score can be used in clinical settings and research in patients with non-specific LBP across different settings for purposes evaluating pain catastrophizing. The principal components analysis supported a threefactor structure similar to the original study of Sullivan et al. [1] . Also later studies support this finding [30] [31] [32] . There were minor differences with respect to which items that loaded on the three components, however. This is also similar to what is reported in other studies that have validated the PCS [30, 32] . We found a slightly better fit for factor structure with item 6 in the rumination subscale than in the magnification subscale (as in the original model) and with item 1 in the magnification subscale than in the helplessness subscale. The differences across the studies might be due to differences in patient samples. As suggested by Meyer et al. [32] , the PCS scores should be reported according to the subscales and the total score as recommended by Sullivan et al. in the original study [1] . Otherwise, it will be impossible to compare the results across studies using different item solutions in the different components. The Table 2 Internal missing values (n = 90 patients × number of items) and N (%) scoring the lowest or highest score on the Pain Catastrophizing Scale (n = 90). Higher score indicating higher degree of pain catastrophizing internal consistency, according to the current factor structure found in our study and the original structure, showed acceptable homogeneity (α 0.83-0.90) for the subscales rumination and helplessness and the total score. Earlier studies have shown acceptable homogeneity for the total score and all subscales in both clinical and nonclinical samples and have suggested that the PCS can be used as one score (13 items) or as three separate scores independently [1, 30, 31, 33] . Based on the results in our study, the magnification subscale did not show an acceptable internal consistency (α 0.63 and 0.53) and, on the contrary to earlier studies, we cannot suggest the independent use of it. Evidence was found for construct validity, since 86% of the results in the correlation analysis were in accordance with predefined hypothesis. The hypotheses were based on existing literature of the PCS and its relation to different aspects of health, e.g. more catastrophizing thoughts has been found to be associated with more distress, disability and fear avoidance beliefs [1, 5, 32] . Higher associations have been found for variables measuring psychological aspects of health compared with variables measuring physical aspects of health. The PCS showed, as presumed, higher correlation coefficients to concurrent measurements of psychological constructs (e.g. distress by HSCL-25) as compared to outcomes of other constructs such as disability, pain and health related quality of life. However, the PCS correlated lower than expected to the FABQ-W and showed a lower correlation coefficient compared to one previous study (rho = 0.25 versus r = 0.61) [32] . This result might be explained by the fact that the FABQ-W has specific questions related to work and only 40 patients (44%) in our study were employed. The rate of employed in the study by Meyer et al. [32] was not described. The correlation between the PCS and pain severity was in our study found to be lower than in earlier published articles (rho 0.31 versus r = 0.41 − 0.55) [1, [3] [4] [5] , but in correspondence to the earlier studies the correlation coefficient was significant. The reliability of the Norwegian PCS showed high ICCs (above 0.70) for both total score and subscales (Table 5) . Hence, the Norwegian PCS has the potential to discriminate between patients with different levels of catastrophizing [28] . Though, for PCS total scores above 37 points we could not ascertain the reliability since the score ranged from 0 to 37 points in the included sample. Compared to studies including patients with LBP [31, 33, 34] , our sample had lower mean scores (mean PCS total score 20-30 versus 14 points). One possible reason for a lower mean score in our sample may be the inclusion of patients with subacute LBP, as opposed to commonly seen inclusion criteria of chronic LBP only.
Recalling that pain catatrophizing has been discussed as one mediator of chronicity of symptoms [6] [7] [8] and is a predictor of failure to return-to-work [9] [10] [11] [12] , pain catastrophizing thoughts has been suggested to be identified early to better target interventions [8, 12] . In our sample, 21% could be defined as patients who seek health care "early" (pain duration of <3 months) and, therefore, may score lower on the PCS compared to a sample including chronic pain patients only.
Main strengths of the present study were, as far as our design allowed, the inclusion of psychometric properties for the evaluation of health status questionnaires as recommended by Terwee et al. [25] . This study is among the first to include agreement analyses for the PCS. In medical research evaluating interventions targeting pain catastrophizing thoughts, agreement properties of outcome measures estimating potential effect are of importance [28] . Our study showed that the PCS total score held superior agreement as compared to the individual subscales (Table 5 and 6 ). Compared to two earlier studies, the MDC 95 in our study (12.8 points) was equal to the findings of Meyer et al. (12.8 points) [32] , but higher than the findings of Georg et al. (9.1 points) [35] . The percentage of the MDC 95 in relation to the maximum score for the PCS total score was 25%. Subsequently, an individual has to change 25% on the PCS total score between pre-and post-intervention to exceed measurement error and its 95% CI and to be classified as having Figure 1 Scatter plot of intraindividual difference between test and retest against the grand mean of the total score of the Norwegian Pain Catastrophizing Scale (n = 60).
a "real" change in pain catastrophizing score. To fully interpret our agreement analyses, the SEMs and MDCs need to be compared to minimum important changes, rated by patients' opinion, which can be performed in responsiveness analyses [25] . One study of responsiveness found a high standardized response mean (SRM 1.12) for the PCS, suggesting that the PCS can capture change over time, but no analyses of minimum important changes were performed [36] . Further investigations of minimum important change of the PCS would therefore be needed. The median number of days between tests was seven days, though, the range between tests was one to 30 days. Recall bias is a potential risk for patients seeing the clinician with a short interval and change in LBP status is a risk when the time lapse between tests is long. To avoid potential recall bias, the PCS was part of a comprehensive assessment packet both at test and retest and it was filled in after attendance at both test and retest. One clear limitation in our study was that 25 of 60 patients who participated in the test-retest assessment scored "change" in LBP status between test and retest. For that reason we completed supplementary analyses of the 35 "stable" LBP patients. The reproducibility analysis of the 35 stable LBP patients showed slightly better results (compare Table 5 and 6).
Another limitation was sample size. Our sample size for the principal components analysis was 90 patients, which is less than 100 or 150 participants recommended for factor analysis [25, 26] . 
